Quartz nanopipettes were fabricated from micro-capillaries (inner diameter 0.5mm and outer diameter 1mm). These were primarily plasma cleaned for 5 min before any deposition. The pipettes were fabricated with laser based puller (P200, Sutter Instruments, USA). Pipette pulling occurred via a twostep program using parameters: HEAT: 575, FIL: 3, VEL: 35, DEL: 145 and PULL: 75 followed by HEAT: 700, FIL: 0, VEL: 15, DEL: 128 and PULL: 200. 5, 12 The first step pulls a 1.2 mm taper into the capillary before the second forms the nanopore itself. In our experience these parameters are highly machine and room temperature specific hence the parameters cited can only be used as a guide for pipette fabrication. The pulling diameter generated pipettes with an average nanopore sizes of 25 nm (±2 nm) across 20 pipettes, an average conductance of 4.2 nS (± 0.6 nS) was also recorded (using an Axopatch 200B (Molecular Devices) amplifier). These pipettes were then dipped into the GNF dispersions and withdrawn at a rate of 10 mm/sec. The pipettes were left to air dry for 10 min with the pipette tips pointing downwards. The pipettes were then placed in ceramic boats and placed inside a quartz tube attached to a high vacuum system. The tube was then placed inside a Carbolite MTF 1200 horizontal tube furnace. The boats were heated to 900°C from room temperature and base pressure of ~1.5 x 10 -5 mbar at a constant heating rate of 10°C min -1 . Once this temperature had been reached the furnace was allowed to cool back down to ambient temperature before the pressure was increased back to atmospheric pressure and the boats retrieved ( Figure 1 ). Once removed from the furnace, the pipettes were sealed in air-tight containers and only removed to be analysed.
Characterisation Techniques
Spin-coating. One drop of a 1.5 mg/mL dispersion of GNFs was pipetted onto a 25 mm x 25 mm quartz disc and the disc spin-coated at 5000 r.p.m for 30 s (excluding the initial 500 r.p.m/s 2 acceleration.) The discs were then placed inside a quartz tube and heated to 900°C under vacuum as described previously.
Raman. The carbonized GNFs on the quartz discs were analysed by Raman spectroscopy using a Renishaw Ramascope with a wavelength of 633 nm and 50-fold magnification.
XPS. XPS measurements on carbonized GNF coated quartz discs were carried out using a Thermo Scientific K-Alpha machine with a monochromated Al K α source (E=1486.6 eV). In all cases a dual flood gun consisting of electrons and argon ions was used to compensate for electron loss on the sample surfaces. Survey scans were performed with a resolution of 1 eV, 400 micron spot size, 50ms dwell time and scanned 3 times. Elemental C1s regions were scanned ten times with a resolution of 0.1 eV, 400 micron spot size and 50ms dwell time.
SEM.
A Leo Gemini 1525 field emission gun SEM instrument was used to image the modified pipettes, at an acceleration voltage of 5 kV. The samples were coated with chromium metal (< 5 nm) using a Quorum Q150T Sputter Coater, in order to make the samples conductive and allow imaging of the nanopore. TEM images of the graphene film thickness were acquired using a JEOL 2010 TEM, using an acceleration voltage of 200 kV. The severed pipette tips were mounted using folding tem grids to fully enclose them. 0.125 mm of Ag/ AgCl (Good Fellow) electrodes were prepared by electroplating and placed in both cis and trans side of the measurement cell. The DNA was placed in the cis and negative voltage was applied for DNA translocation studies. The studies were carried out with 10 kbp DNA (New England Biolabs). Samples were diluted to 100 pM in 0.1M KCl Tris-EDTA buffered at pH 8 for both pore opening and translocation experiment. All solutions were filtered through 0.2m filter and autoclave to avoid any small particles and contaminants. Ionic Current and Data Acquisition. All ionic current measurements were recorded with using an Axopatch 200B (Molecular Devices) amplifier in voltageclamp mode. Data were low-pass filtered at a 10 kHz using the built in 8 pole Bessel filter. The output signals were digitized at a sampling frequency of 100 kHz. Data analysis was performed with a custom program written in MatLab.
Nanopore Opening Process
A tailored electroetching process was used to steadily etch the graphene membranes covering the nanopores. The coated nanopores were introduced into an electrolyte solution, electrodes were inserted and subsequently connected to the Axopatch 200B (as above). The graphene membranes were exposed to an alternating current; a square wave with an amplitude of ± 1.0 V at a frequency of 100 Hz, for 200 seconds per cycle. Consecutively opening cycles were used during the opening process, the conductivity of the pore was measured after each cycle which gave an estimate of pore size. Figure S-5. Shows (A) standard current-time traces and (B) power spectrum density for non-coated (black) and GNF-coated (red) nanopipettes. The GNF-coated nanopipette was made with 1.5 mg/mL initial solution, and was taken when the pore was ~ 24 nm in diameter. All data is taken with applied potentials of 300 mV.
